ABSTRACT
INTRODUCTION
, adds the features and attributes to the standard necessary to support mobility. IEEE 802.16e is a recent wireless broadband standard, provide a solution to broadband (high speed) wireless access in a metropolitan area [3] . Several WiMAX profiles have been developed by WiMAX forum for testing of interoperability. Two system profiles based on IEEE 802. 16 and IEEE 802.16e [4] , called fixed and mobile system profiles designed by the WiMAX forum include mandatory and optional physical (PHY) layers and medium access control (MAC), of BWA. For improving multipath performance in non-line-of-sight environments, the mobile WiMAX Air interface adopts Orthogonal Frequency Division Multiple access (OFDM). In order to empower fast growth in manufactured quantities, market share and interoperability, the WiMAX forum provide the Network Working Group (NWG) for developing an end-to-end network reference model architecture based on IP supporting both fixed and mobile WiMAX [5, 6] . The IEEE 802.16e defines scalable OFDMA (SOFDMA) [7] to support scalable channel bandwidths from 1.25 to 20 MHz. Significant enhancements adds by Mobile WiMAX:
 By using advanced antenna diversity schemes and hybrid automatic repeat request (HARQ) it improves NLOS coverage.  System gain and indoor penetration improve by utilizing dense subchannelization.  To improve coverage, it adopts multiple input multiple output (MIMO) and adoptive antenna system (AAS) [8] .  For enabling better coverage and capacity trade-off, it defines a downlink subchannelizes scheme. 
MOBILE WIMAX

Physical Layer Description
By using OFDM symbol and is of variable size [9, 10] each 802.16e frame contains downlink (DL) and an uplink (UL) part discriminated in time. The downlink or uplink frames consist of control information for users to synchronize and to know about the receiving or transmitting information. Transmission or reception occurs in blocks that are organized by basic units called slots. Each slot includes a two dimensional block, one dimension persisting the frequency and the other persisting the time. Depending on the permutation scheme, a slot expands over 1 to 3 OFDM symbols in the time direction and over 1 subchannel in the frequency direction. Downlink and uplink subframes can be distributed into different zones where different permutation schemes are used [11, 12] . Permutation schemes are employed to decide the number of subcarriers per subchannel and the allocation of the subcarrier that construct a subchannel in the OFDM symbol.
The IEEE 802.16e contains support for MIMO (Multiple Input Multiple Output) downlink and uplink transmission. Present mobile WiMAX profiles involves support for upto 2 transmit antennas despite the IEEE 802.16e standard allows up to 4 spatial streams. One of the main aim of next generation WiMAX system is to allow at least up to 8 transmit antennas at the base station, 4 streams and space-time coding. Table 2 gives the system requirements of mobileWiMAX standards. 
OFDM Technology
The IEEE 802.16e wireless MAN OFDM mode is based on the scalable OFDM (S-OFDM) that supports a wide range of bandwidths to flexibly address the need for various spectrum allocation and usage model requirements. By adjusting the FFT size while fixing the sub-carrier frequency spacing at 10.94 KHz, the scalability is supported. The S-OFDM parameters for mobile WiMAX [13, 14, 15] are listed in table 3. The IEEE 802.16e PHY [16] supports TDD (Time Division Duplex) and half duplex FDD (Frequency Division Duplex) operation. TDD does require system wide synchronization to counter interference issues. Figure 1 illustrates the OFDM frame structure for a TDD implementation. To prevent DL and UL transmission collisions, each frame is divided into DL and UL sub-frames separated by Transmit/Receive and Receive/Transmit Transition Gaps (TTG and RTG, respectively). In a frame, the following control information is used to ensure optimal system peration.  Preamble: The preamble is the first OFDM symbol of the frame, used for synchronization.  Frame Control Header (FCH): The FCH follows the preamble that provides the frame configuration information such as MAP message length and coding scheme and usable sub-channels. 
Functionality of MAC layer
The MAC layer contains three sublayers: the service specific convergence sublayer (CS), MAC common part sublayer (MAC CPS) and security sublayer. The reference model in IEEE 802.16 is shown in figure 2 .
Figure 2. IEEE 802.16 reference model
The CS is used to transform or map external data from the upper layers into appropriate MAC service data units (SDUs) for the MAC CPS. This consists of external data with the proper MAC service flow identifier (SFID) and connection identifier (CID). An SDU data unit exchanged between two adjacent protocol layers [16, 17] . The core functionality for system access, allocation of bandwidth, connection establishment and maintenance is provided by the MAC CPS. The QoS aspect of data transmission also handles by this sublayer. The security sublayer provides functionalities such as authentication, secure key exchange and encryption. The IEEE 802.16d MAC consist of two modes of operation: point to multipoint (PMP) and multipoint to multipoint (mesh). The IEEE 803.16e defines two different types of addresses in the MAC sublayer to identification of individual stations. These addresses are utilized for resource allocation and management of the mobile station and are called "station identifiers" (assigned during network entry) and "flow identifiers" (assigned for QoS purposes).
Quality of service (QoS) support
In the mobile WiMAX, QoS needs for a wide range of data services and applications with fast air link, asymmetric downlink/uplink capability, fine resource granularity and a flexible resource allocation mechanism. Mobile WiMAX applications and quality of service requirements are summerized in table 4. 
ADVANCED FEATURES OF MOBILE WIMAX
Mobile WiMAX IEEE 802.16e consist of following advanced features.
Fractional frequency reuse
To enhance spectral efficiency, all sectors perform on the same frequency in IEEE 802.16e. Edge users may undergo the degeneration in connection as a result of excessive co-channel interface (CCI) in frequency reuse one deployment. With mobile WiMAX, users operated on channels, take up a limited fraction of the entire channel bandwidth. In mobile WiMAX IEEE 802.16e, sub-channel segmentation and permutation section simplify the flexible sub-channel reuse. Subdivision of the accessible OFDMA sub-channels is known as segment. A number of adjacent OFDMA symbols in downlink or uplink that employ same modification is a permutation section.
The DL or UL sub-frame may include more than one permutation zone as shown in the figure 4. Different sets of sub-channels in the same frequency channel indicated by F 1 , F 2 and F 3 in figure 5 . To ensure throughput and connection feature for users at the cell edge, the entire load reuse one is provided for center users to improve spectral efficiency and fractional frequency reuse with this arrangement. The DL and UL region configuration is shown in figure 6 , when a mix of unicast and broadcast services are sustained. With SFN performance, the MBS segment holds various BS MBS mode. As well as, scalable responsibilities of broadcast resources to MBS traffic are granted by adaptable period of MBS areas. To primarily recognize MBS sections and position of the correlated MBS MAPs in each zone, the multicast service approaches the DL MAP. Through OFDM symbol offset specification the position of every MBS region and MBS section PHY arrangement are designated by the MBS MAP IE. At the first sub-channel of the first OFDM symbol of the correlated MBS region locates the MBS MAP. 
CONCLUSIONS
In this paper, the main features of IEEE 802.16e Mobile WiMAX are explained and present an overview of the IEEE 802.16e PHY layer issues, MAC protocol and QoS provisioning. For high quality voice and video, internet, mobility and demand for bandwidth, the IEEE 802.16e appears as a strong candidate for providing aggregate rates to high-speed mobile users at the range of Gbps. WiMAX technology based on IEEE 802.16e standard will ensure that multiple vendors produce interoperable equipment. It will help in bridging the digital divide and will ensure faster roll out in areas where the low POTS penetration, high DSL costs or poor copper quality have acted as a barrier in providing high speed, broadband internet access.
